long-term impact of climatic variability and human activities on the water resources of a meso-scale Mediterranean catchment. Hydrological Sciences Journal, 59 (8), 1457-1469. http://dx.doi.org/10. 1080/02626667.2013.842073 Abstract This article addresses the critical need for a better quantitative understanding of how water resources from the Hérault River catchment in France have been influenced by climate variability and the increasing pressure of human activity over the last 50 years. A method is proposed for assessing the relative impacts of climate and growing water demand on the decrease in discharge observed at various gauging stations in the periods 1961-1980 and 1981-2010. An annual water balance at the basin scale was calculated first, taking into account precipitation, actual evapotranspiration, water withdrawals and water discharge. Next, the evolution of the seasonal variability in hydroclimatic conditions and water withdrawals was studied. The catchment was then divided into zones according to the main geographical characteristics to investigate the heterogeneity of the climatic and human dynamics. This delimitation took into account the distribution of climate, topography, lithology, land cover and water uses, as well as the availability of discharge series. At the area scale, annual water balances were calculated to understand the internal changes that occurred in the catchment between both past periods. The decrease in runoff can be explained by the decrease in winter precipitation in the upstream areas and by the increase during summer in both water withdrawals and evapotranspiration in the downstream areas, mainly due to the increase in temperature. Thus, water stress increased in summer by 35%. This work is the first step of a larger research project to assess possible future changes in the capacity to satisfy water demand in the Hérault River catchment, using a model that combines hydrological processes and water demand.
INTRODUCTION
The conclusions of the recent Intergovernmental Panel on Climate Change report confirm that global temperature has been increasing at a faster rate since 1975 (IPCC 2007) . Climate change has been studied intensively as it modifies, among other things, the availability of water resources (e.g. Arnell 2004 , Alcamo et al. 2007 ). In the context of climate change and global population growth, the issue of water availability has become crucial. The difficulties of managing water resources so as to meet all needs are increasing, as is the resulting social tension, particularly in Mediterranean countries (Margat and Treyer 2004) .
The Mediterranean has been identified as one of the hot spots of climate change (Giorgi 2006 ). This region is also subject to strong population growth (+30% in the last 20 years), as well as to the development of tourism, which can triple the population during the summer (Abis 2006) . Water demand doubled in the second half of the 20th century, mostly due to the increase in agricultural demand for irrigation and in domestic demand to cope with the population increase (Blinda and Thivet 2009) . As a result of this increased demand, exploitation of both surface water and groundwater has risen, and it has become increasingly difficult to meet water needs (e.g. Tal 2006 , Qadir et al. 2007 . Moreover, discharge decreased almost by half in many Mediterranean catchments over the same period (García-Ruiz et al. 2011) . Stahl et al. (2010) , for example, observed a marked downward trend in annual discharge in southwestern Europe over the 1962-2004 period. Considering that Margat and Treyer (2004) report that nearly 60% of the world's water-poor population is concentrated in the Mediterranean countries, the question of the future match or mismatch between water availability and water requirements is particularly troubling in this region.
Scientists generally study the impact of climate variability on water availability over long periods (see e.g. Hreiche et al. 2007 , Fujihara et al. 2008 , Senatore et al. 2011 , Ruelland et al. 2012 . However, Cudennec et al. (2007) have shown that the Mediterranean region is particularly sensitive to changes brought about by human pressure on hydrological processes. Exploitation of water resources can thus contribute to change in the water balance (e.g. Baldock et al. 2000 , Moustadraf et al. 2008 . Moreover, several studies (e.g. Rambal 1987 , Beguería et al. 2003 , Andréassian 2004 emphasize the importance of accounting for forest cover dynamics in hydrological processes. The literature also includes studies that examine the combined influence of climate change and water uses on available water resources (e.g. Chauvelon et al. 2003 , VarelaOrtega et al. 2011 . However, such studies, which consider the respective influences of climate, land cover and water withdrawals on water availability, are still scarce, since the methods needed to conduct this type of analysis require data that are often unavailable or not easily accessible over long periods (Sivapalan et al. 2003) . Hannah et al. (2011) have pointed out that databases at large spatial and temporal scales play a key role in understanding the variability of hydrological systems, and hence in providing water managers with decision-support information. However, such databases are still too scarce, despite efforts to maintain and develop a number of data networks at the regional and global levels. To address these limitations in our knowledge of Mediterranean hydrological processes, Cudennec et al. (2007) call for studies that examine both climatic and human pressures at various scales. In this context, Koutsoyiannis and Kundzewicz (2007) also point out that dialogue between research teams and water managers is crucial. Water resources must thus be understood at the level at which they are managed, which generally corresponds to the boundaries of catchment basins. In mainland France, catchments in the 1000-10 000 km 2 range are managed through water development and management plans (schémas d'aménagement et de gestion de l'eau). This scale is thus particularly appropriate if we wish to understand the hydrological processes and the complex interrelations between water availability, demand and allocation options. However, the literature offers few precedents of analysis of hydrological functioning in the light of human pressure at the scale of this type of catchment (see e.g. Ceballos-Barbancho et al. 2008 , Akivaga et al. 2010 , Varela-Ortega et al. 2011 . It should be noted that at this scale, the physical and human characteristics of catchments are extremely heterogeneous and hence difficult to define and grasp. This is particularly true in the Mediterranean, where meso-scale catchments encompass extreme contrasts in terms of climatic, topographic and geological characteristics; distribution of the population and water uses.
Before any attempt to model the hydrological processes at work in a meso-scale Mediterranean catchment displaying such structural heterogeneity, an analysis of the available data is required. This analysis should help to account for the complexity of the interactions between climate forcing, human pressures and runoff. The purpose of this study is thus to evaluate the impact of changes in climate and water uses on the runoff of a meso-scale Mediterranean catchment.
2 STUDY AREA AND DATA
General presentation of the study area
The Hérault basin is located in southern France (Fig. 1) . The main river drains an area of approximately 2500 km 2 . It rises in the Mont Aigoual in the Cévennes Mountains at 1565 m a.s.l. The outlet to the Mediterranean Sea lies in Agde. The catchment has a population of over 170 000, with the main cities located in the downstream part. The population has doubled since the late 1970s, mainly due to urban development and tourism.
The climate is typically Mediterranean, with dry, hot summers and wet, mild winters. Precipitation is almost nil in summer and presents peaks in spring and autumn, while the temperature is highest in summer and lowest in winter. Precipitation in spring and autumn is marked by events in the Cévennes Mountains, which occur in highly limited areas and can vary greatly in intensity in a very short time.
The reserves of the upstream and middle parts of the basin are not heavily exploited, because they are sparsely populated; furthermore little is known about the karst reserves of the middle part. More water is withdrawn in the alluvial plain downstream (Fig. 2(d) ). Since the population doubles during the summer due to an influx of tourists, exploitation of water resources is increasing, causing conflicts among users. Currently, the most serious such conflict concerns the irrigation canal of Gignac (Loubier et al. 2003) , which draws water from the Hérault and at times leaves the river with less than 1 m 3 /s during low-flow periods. This causes tension between farmers and those who use the river for fishing, swimming and canoeing.
Data used
Meteorological data (precipitation and temperature) were extracted from the 8 km × 8 km grid Météo-France database, SAFRAN (système d'analyse fournissant des renseignements atmosphériques à la neige-analytical system providing atmospheric data for snow), which covers all of France. These series are available at the daily time-step for the 1961-2010 period and were validated for France by Quintana-Seguí et al. (2008) . Various gauging stations monitored by the Regional Department for the Fig. 1 Location of the Hérault catchment.
Impact of climatic variability and human activities on water resourcesEnvironment, Development and Housing (DREAL) provided daily data.
The French Water Agency (Agence de l'Eau Rhône-Méditerranée et Corse) provided annual water withdrawal data for domestic and agricultural uses for the entire basin at the village or town level ( Fig. 2(d) ). These series are available from 1987 to 2010 at an annual time-step. No data earlier than the 1980s are available, but managers reported that withdrawals for drinking water supply increased considerably since the 1970s with the development of the Cap d'Agde tourist resort, which is supplied by withdrawals from the downstream part of the catchment. Withdrawals for irrigation were stable from 1961 to 1990. For the purposes of this article, these general trends have been used to supplement the withdrawal database for the 1961-1986 period, by extrapolating from the annual data available for the 1987-2010 period. Annual withdrawal data were then downscaled to the monthly time-step using monthly variations provided by the French Water Agency for 2007. A monthly ratio of monthly/annual withdrawals was computed for this year, and this ratio was then applied to all years in the study period, providing estimated monthly withdrawals for the entire 1961-2010 period.
INVESTIGATING REASONS FOR RUNOFF DECREASE

Hydrological changes
To test the stationarity of the observed time series, the discharge series were subjected to statistical testing. These tests appear frequently in the literature (e.g. Villarini et al. 2009, Kalra and Ahmad 2011) ; a detailed explanation of them can be found in Servat et al. (1997) . The tests used to identify statistical breaks were those of Lee and Heghinian (1977) , Pettitt (1979) and Buishand (Buishand 1982 (Buishand , 1984 , in addition to Hubert's (Hubert et al. 1989) segmentation procedure. They identified two contrasting periods: 1961-1980 and 1981-2010 . In the second period, the volume discharged at the catchment outlet at Agde had decreased by 39% with respect to the first period (Table 1) . A similar decrease in discharge time series is found for other gauging stations in the study area (34% for Laroque and 33% for Lodève).
To explain these changes in runoff, we first investigated changes in climate and land cover that directly influence the water cycle, together with increases in water withdrawals that can modify the quantity of water available in the hydrographic network. Analysis of the National Forest Inventory maps shows that the proportion of the study area covered by forest increased from 28% to nearly 40% between 1974 and 1990 (Lespinas 2008 . Debussche et al. (1999) and Lespinas et al. (2010) have shown that these changes affected the upstream parts of the catchment, where farming was gradually abandoned, beginning in the 1950s, owing to post-war migration to the cities. Such changes in forest cover were also observed in northern Spain, and various authors showed that it caused a decrease in river discharge in the Ebro (López-Moreno et al. 2011) and the Duero (Morán-Tejeda et al. 2012) basins. However, Rambal et al. (2009) concluded that changes in the hydrological cycle were barely detectable when less than 20% of the catchment was subjected to land cover changes. Based on the work of Lespinas et al. (2010) , it seems that the land cover changes within the Hérault catchment were not extensive enough to have a detectable effect on hydrological processes. Moreover, a study in the Cévennes Mountains (Andréassian et al. 1999 , Andréassian 2002 , located near the Hérault basin, concluded that changes in forest cover could not be correlated with changes in annual runoff in this region. In conclusion, we assumed that, in this area, climate and water withdrawals were the main factors that affected runoff, and forest cover changes were considered irrelevant.
Delineation of zones
To locate the cause of the decrease in runoff at several gauging stations, the catchment was divided into several zones. This division was based on the internal geographical characteristics of each area and the availability of discharge time series from various gauging stations. The aim was to delimit areas that are homogeneous according to the criteria described below and presented in Fig. 2 .
The first criterion concerns distribution of climate. Topography constrains the climatic distribution and leads to opposite gradients for precipitation and temperature ( Fig. 2(a) ). Spatial analysis of the climatic constraints identified three main parts: (i) the upstream part contributes the greatest precipitation (>1600 mm/year) and has the lowest temperatures (<7°C); (ii) the middle part is characterized by precipitation and temperatures lying between those of the upstream and downstream parts; (iii) the downstream part has the least precipitation (<600 mm/ year) and the highest temperatures (>14°C).
Furthermore, the watershed can be divided into three parts on the basis of geological characteristics (Fig. 2(b) ). The upstream part has a silicate reservoir composed of granite and schist; in the middle part, the carbonate aquifer is largely karstified, with limestone plateaus containing dolomite, clay and calcareous marl and in the downstream part, the alluvial plain is mostly composed of sand, gravel and marl. Subsurface water exchanges between these parts are assumed to be negligible, owing to the different lithological characteristics of the areas concerned.
The distribution of land cover in the catchment is also structured. The catchment is mainly covered by forest (35%), natural shrub vegetation (33%) and crops (27%), with only a small urbanized share (4%). These types of land cover are unevenly distributed over the catchment (Fig. 2(c) ): the upstream part is mainly characterized by natural forests (84%) and by onion and apple cultivation (13%); the middle part is covered by natural shrub vegetation (79%) and croplands (20%) and the downstream part is the most urbanized (4%), but is mostly covered by vineyards (81%) and natural vegetation (10%).
Last, the main hydraulic systems also delimit distinct zones (Fig. 2(d) ): the upstream part is characterized by low agricultural and domestic withdrawals (<1000 hm 3 /year). The middle part contains the Salagou Dam (102 hm 3 ), the largest dam in the catchment, in operation since 1968. The dam is used both for power generation and to support the Hérault's streamflow during low-flow periods, and the resulting lake serves as a reservoir for irrigation and as a site for water sports. This area also sees some withdrawals for domestic use and, most importantly, the largest agricultural withdrawal (>1000 hm 3 /year) at the Gignac canal. The downstream part is the most heavily used, with the greatest domestic withdrawals in the watershed (>1000 hm 3 / year) and agricultural withdrawals currently amounting to less than 1000 hm 3 /year. The last factor influencing the division of the catchment was the availability of adequate discharge time series at the various gauging stations (Fig. 3) . This factor took account of both the length of the time series (at least 20 years) and the size and nature of the catchments gauged by these stations. The aim was to delimit zones having homogeneous geographical characteristics and the longest possible discharge series at the zone outlet, while at the same time limiting the number of zones. Last, the zone containing the largest dam in the Hérault basin was selected in order to study the management of this dam in a subsequent paper. The daily series of releases from the dam is available as from 1990. Figure 4 shows the six hydrological units of the catchment defined by their contrasting physical characteristics and human activity. The Laroque zone is the upstream part of the catchment. Water withdrawals are relatively slight and mainly for domestic use. The middle part was divided into four: SaintLaurent has the least human activity (2470 inhabitants in 2007) and the lowest level of withdrawals, used exclusively for domestic purposes; Lodève has a larger population (9725 inhabitants in 2007) and the main withdrawals are for domestic use (97%); Gignac presents water withdrawals which are mainly agricultural (96%)-in particular, an irrigation canal connected to the river withdraws the largest volume for irrigation in the entire Hérault catchment (an average of 34 hm 3 /year) and, last, the unit that feeds into the Salagou Dam and is the least populated (895 inhabitants in 2007). Water pumped from the Salagou Reservoir is chiefly used for irrigation (0.2 hm 3 /year). The dam regulates a small zone of total discharge from the catchment, i.e. about 3% of mean annual discharge at Agde. Finally, the downstream zone is the alluvial plain, the most populous of the zones, with 51% of the total catchment Fig. 3 Temporal availability of discharge series for various gauging stations of the Hérault watershed. Fig. 4 Spatial delineation of the Hérault basin into six zones according to the main geographical features and to the availability of discharge series: the Vis River at Saint-Laurent (497 km 2 ), the Hérault River at Laroque (414 km 2 ), the Lergue River at Lodève (186 km 2 ), the Hérault River at Gignac (514 km 2 ), the Salagou storage dam (77 km 2 ) and the Hérault River at Agde (972 km 2 ).
population. Domestic consumption accounts for 92% of water withdrawals (22 hm 3 /year on average), 40% of which supplies towns outside the Hérault catchment, on the Mediterranean shoreline and the western side of Montpellier.
Water balance assessment
The methodological approach presented herein is aimed at understanding the processes underlying these hydrological changes, through examination of the differences between the two periods defined in Section 3.1. It begins, at the scale of the entire catchment, by (i) calculating the water balance and (ii) analysing changes in the seasonal dynamics of the variables making up the water balance. In a second step, water balances at the sub-basin scale were calculated for identified sub-basins in order to analyse internal changes in the Hérault catchment that appeared between the two study periods.
A water balance was calculated for the 1961-1980 and 1981-2010 periods in order to assess the relative impact of climate and anthropogenic changes on the catchment's water resources. The volumes of water precipitated, evapotranspired, withdrawn within the catchment and discharged at the outlet were estimated. For the purposes of this article, the share of withdrawn water that returns to the hydrographic network was not considered. This assessment served to determine the changes in each component of the water balance and to understand its impact on discharge. It was conducted at the scale of the entire catchment, using the discharge time series at the Agde gauging station.
Actual evapotranspiration (AET) was assessed using the method of Rambal et al. (2009) . This method assumes that the variation in the stock of water over a year is nil at the catchment scale. The water balance is therefore defined by:
where P is the annual precipitation (mm/year), Q is the mean annual discharge (mm/year) and AET is the actual annual evapotranspiration (mm/year). Since change in water withdrawals from the Hérault catchment may have altered the water balance, another term was added to equation (1):
where W represents annual withdrawals (mm/year). The authors developed a method that assesses annual AET as a function of land cover. For a given land cover, annual discharge can be related linearly to annual precipitation by:
where α and P 0 are coefficients that depend on land cover. The slope α reflects the sensitivity of evapotranspiration to a given land cover for a given increase in rainfall and P 0 is the rainfall threshold above which runoff appears (Rambal et al. 2009 ). Thus, given the annual precipitation and the average annual discharge of a catchment occupied by a given type of vegetation, AET can be defined by:
A water balance was estimated on the six zones of the catchment for the pre-and post-1980 periods. Since the discharge series for two stations (the Hérault at Gignac and the Salagou Dam) were available only from 1990s onwards, water balances were calculated for only four zones: the Lergue River at Lodève, the Vis River at Saint-Laurent, the Hérault at Laroque and the downstream part of the catchment (the Hérault at Agde) delimited by these three stations (see Fig. 7 ). Discharge for the Laroque and Agde zones was calculated by subtracting the discharge at the catchment heads from that measured at these stations. Prior analysis of the observed hydrograms had shown that the transfer time between stations was less than 1 day, making it possible to perform this subtraction at a daily time-step. Analysis of seasonal changes with respect to climatic and anthropogenic forcing can help us to understand the causes of the observed changes in annual runoff. Thus, the mean monthly variability of discharge, precipitation, temperature and water withdrawals was analysed over the periods preceding and following 1980. This analysis served to assess whether these variables underwent internal changes over the two periods studied. It provided a new window of interpretation for understanding the decrease in discharge observed at the catchment outlet, as well as for comparing seasonal changes in water availability and withdrawals.
IMPACTS OF CLIMATIC AND ANTHROPOGENIC CHANGES ON RUNOFF
4.1 Water balance at the basin scale Figure 5 presents the mean annual balance between water resources and withdrawals for the 1961-1980 and 1981-2010 periods at the basin scale. The two balances show that the distribution of precipitated water (between evapotranspiration, withdrawals and runoff) changed from one period to the next. Over the 1961-1980 period, over half (55%) of the mean annual volume of precipitated water (3080 hm 3 ) seems to have been discharged at the outlet, with the rest divided between evapotranspiration (42%) and withdrawals (2%). Over the 1981-2010 period, in contrast, the largest share of the mean annual volume of precipitated water (2760 hm 3 ) went to evapotranspiration (59%), with more than one-third discharged (37%) and a small amount withdrawn for irrigation and domestic consumption (3%). The decrease of approximately 600 hm 3 in mean discharge between the two periods thus seems to be due primarily to a decline of about 300 hm 3 in mean annual precipitated volume and an increase of about 300 hm 3 in mean annual volume lost through evapotranspiration.
At the annual scale, the decrease in discharge thus results in the conjunction between a slight decrease in precipitation (-11%) and the fact that more precipitated water is lost through evapotranspiration (+25%), so less is available for runoff. The rise in evapotranspiration reflects a 1.5°C increase in mean annual temperature. It can also be seen that withdrawals, despite a substantial increase (+20 hm 3 ) between the two periods, account for a negligible amount of the annual water balance. It should be noted that this balance takes no account of the fact that, theoretically, part of the withdrawals return to the hydrographic network and thus contribute to discharge. This uncertainty in the calculation of the water balance is negligible, however, because withdrawals amount to less than 3% of precipitated volume.
Seasonal impacts at the basin scale
The decline in mean annual discharge at the catchment outlet can be attributed to a change in the seasonal dynamics of hydroclimatic events (Fig. 6) . shows that the seasonal distribution of precipitation changed significantly from one period to the next. Whereas autumn precipitation (September-November) showed the same intensity over the two periods, winter precipitation (January-March) decreased by approximately 35%. These changes are obviously the cause of the very substantial decline in winter discharge (-63%). Figure 6(c) shows that the temperature increase between the two periods was particularly large in the summer (a rise of 1.6°C over the June-August period) and in winter (up about 1°C in December-January). The substantial increase in Fig. 5 Mean annual water balance between water resource and demand on the Hérault basin for the periods 1961-1980/ 1981-2010. summer temperatures thus seems to have accentuated the drop in low-flow period discharge. Last, Fig. 6(d) shows that while withdrawals increased substantially between the periods (about +30% annually), they remained too low to have contributed significantly to the decrease in annual discharge at the outlet. However, their impact on low-flow discharge is visible in summer: from June to August, it fell from 43 to 23 hm 3 /month, while withdrawals increased from 9 to 11 hm 3 /month. Therefore, they contributed one-tenth of the decrease in low-flow discharge. At the seasonal scale, the increase in withdrawals raised the level of water stress owing to the simultaneous reduction in runoff (see Fig. 8 and Discussion). However, the monthly variation in withdrawals has to be taken carefully as it reflects the dynamics observed in 2007.
This seasonal analysis shows that, at the basin scale, the 11% decrease in mean annual precipitation observed between the 1961-1980 and 1981-2010 periods comes mainly from a significant decrease in winter precipitation, which strongly influenced discharge in January-March. Table 2 presents the values of the parameters α and P 0 obtained for each zone for estimation of AET using Equation (4). Computation of determination coefficients (r 2 ) validate this linear regression for all the zones, with r 2 > 0.85 for the 1961-1980 period and r 2 > 0.75 for the 1981-2010 period. The most noteworthy change is the increase in P 0 over the 1981-2010 period, which Table 2 Values of α and P 0 for AET evaluation and coefficient of determination (r 2 ) obtained in each zone for 1961 -1980 and 1981 . Zone 1961 -1980 1981 reflects the fact that runoff appears at a higher precipitation threshold and, hence, that AET increased over the period. The water balances estimated by zone for the 1961-1980 and 1981-2010 periods are presented in Fig. 7 . Mean annual precipitation decreased in all the zones to varying degrees: -11% at Saint-Laurent, -21% at Laroque, -10% at Lodève and -5% at Agde. In contrast, annual AET increased in all zones (+16% at Laroque, +24% at Lodève and +56% at Agde), with the exception of the SaintLaurent zone, where it fell slightly (-9%). Similarly, withdrawals increased everywhere (+20% at Laroque, +30% at Lodève and +31% at Agde), except in the Saint-Laurent zone, where they fell by 50%.
Water balance at the zone scale
The decrease in runoff by zone (-21% at SaintLaurent, -42% at Laroque, -33% at Lodève and -57% at Agde) may be explained as follows: the impact of the decrease in precipitation seems to have been greater upstream than downstream and, conversely, the increase in AET seems to have been more marked in the downstream parts of the watershed. The increase in AET in the downstream part during the post-1980 period seems mainly due to the increase in temperature (a mean rise of +1°C in the downstream part between the two periods). Last, the decrease in discharge in the downstream zone between the two study periods (-56%) can also be attributed, though to a lesser degree, to the fact that withdrawals in this area rose from 51 hm 3 /year before 1980 to 66 hm 3 /year after 1980, i.e. from 6% of the annual zone discharge to 19%.
DISCUSSION AND CONCLUSION
The purpose of this study was to understand the decrease in runoff over the last 50 years at various gauging stations of a meso-scale Mediterranean catchment. It evaluated the relative impact of changes in climate and water use on water resources over two contrasting periods. The method employed was based, in a first step, on study of the annual water balance and the seasonal evolution of the variables in this balance at the scale of the entire catchment. In a second step, analysis of water balances at the zone Fig. 7 Mean annual water balance between precipitation, actual evapotranspiration, runoff volume and total water withdrawals at the zone scale for the periods 1961 -1980 (1969 -1980 for Laroque) and 1981 scale provided further insights into the hydrological functioning of the catchment.
The annual water balance at the catchment scale showed that the decrease in runoff was due primarily to lower annual precipitation and increased AET. The annual trends observed for the decline in discharge and the increase in temperature agree with those presented by Chaouche et al. (2010) for southern France. These authors used the Mann-Kendal test to assess these annual trends. However, the test did not enable them to identify the influence of precipitation on runoff, because no statistical rupture was demonstrated. Last, although the increase in withdrawals does not seem to have affected annual runoff, consideration of this variable in the water balance made it possible to evaluate the influence of withdrawals on water availability at a more detailed temporal (seasonal) and spatial (zone) scale.
Next, the seasonal analysis identified the causes of the annual hydrological changes at the catchment scale. The substantial decrease in winter precipitation (-45%) seems to explain most of the reduction in discharge at the catchment outlet. Moreover, the joint rise in summer temperature and summer withdrawals is the main factor explaining the decrease in low-flow period discharge (-50%). While these changes in winter precipitation and summer temperatures were also observed in this region by Lespinas et al. (2010) and Stahl et al. (2010) , this study concludes that the decrease in discharge was mainly due to the temperature increase. In contrast, our results on the Hérault catchment show that this decrease comes from the conjunction of a significant decrease in winter precipitation (-35% from January to March) and a general rise of mean annual temperatures (+1°C). While the precipitation decrease mainly impacted on discharge in winter and at the beginning of spring, the temperature increase led to more pronounced evapotranspiration throughout the year, particularly influencing summer low flows and worsened by the increase in withdrawals. The difference in our conclusions is due in part to the difficulties of collecting and supplementing a database on water withdrawals and in part to the fact that using statistical tests can lead to biased conclusions when the tests do not find a particular trend or statistical break. The seasonal analysis thus makes it possible to pinpoint the combined influence of several variables on runoff at different periods of the year.
Last, the water balances calculated at the zone scale show that climatic and anthropogenic changes have different impacts depending on the zones studied. The reduced discharge from the upstream zones is mainly due to the decline in winter precipitation. Reduced winter precipitation at catchment heads has also been observed in other catchments in southern France (Ludwig et al. 2004 , Lespinas et al. 2010 and in Spain (Morán-Tejeda et al. 2010 ). In the downstream part of the catchment, the reduction in runoff seems, in contrast, to be mainly due to the increase in temperature and, primarily during the summer, the increase in withdrawals. This increase in withdrawals contributed to more strongly marked low-flow periods. Moreover, at the annual scale, the ratio between the volume withdrawn and the volume discharged ( Fig. 8(a) ) displays a clearly rising trend from the 1980s. This increase is reflected in increasingly recurrent water stress in summer (Fig. 8(b) ), when the tourist season can triple the water demand. It also leads to chronic difficulties in meeting the demand of the various users and to conflicts over the allocation of water resources. In summer, for example, activity in the freshwater tourism sector is often restricted by the low flows in the hydrographic network, which are due to withdrawals for the agricultural sector (Loubier et al. 2003) .
The analysis of the internal and seasonal hydrological processes of the catchment, and their evolution over the last 50 years, thus provides insights into water management issues, particularly for the summer when water stress is greatest. This conjunction between winter and summer changes also shows that water stress in the catchment has increased and raises the question of whether it will be possible to meet future water needs.
The method proposed in this article proved to be an appropriate means of improving our understanding of the hydrological functioning of a heterogeneous catchment over a long period. It can be applied to other catchments for which annual hydroclimatic and water withdrawal data are available or can be extended to a longer period. The results highlight the need to consider human uses of water resources over long time periods in order to evaluate past changes in water resources and investigate the issue of water availability. Thus, the principal constraint on the use of this method is the need to have a long-term database covering a meso-scale catchment. Last, the internal consistency of the database must be verified. Detailed knowledge of the area over several decades is required in order to make a critical assessment of the hydroclimatic, spatial and temporal data, which may come from different sources. Expertise concerning the study area is therefore needed in order to render these data homogeneous.
This work provides a solid basis for a larger research project to assess possible future changes in water resources in the Hérault River catchment, using an integrated hydrological model that combines hydrological processes and water withdrawals to compute a demand satisfaction index under the constraint of climatic scenarios and changes in water uses.
